A fully three-dimensional linear stability analysis shows that ascending autocatalytic reaction fronts in vertical slabs are unstable to convection for large-wavelength perturbations at all finite values of the dimensionless driving parameter S =5ga /vD&. This parameter involves a fractional density difference 6 between the unreacted and reacted Auids, the acceleration of gravity g, the slab width a, the kinematic viscosity v, and the catalyst molecular diffusivity Dc. Buoyancy 
tion of the iodide concentration and the propagation speed of the iodide front. A simple autocatalytic reaction-diffusion equation was derived from these equa- tions. In the absence of convection, this equation successfully describes one dimensional propagation of the iodide front in a vertical capillary tube. This front is very thin and is Bat in the tube. The calculated propagation speed of the front is in good agreement with experiments [3] .
A hydrodynamic stability theory of convection near autocatalytic reaction fronts [4] treats the thin chemical reaction front as a moving surface which consumes unreacted fIuid of uniform mass density p" to produce reacted Quid of lower uniform density p" thereby relegating all chemical reactions to the surface. In this "thinfront" approximation, the reaction-difFusion equation
reduces to a simple "eikonal" relation [5] between the front velocity and the front curvature. In a reference frame stationary with respect to the Auid, the eikonal re- 
II. EQUATIONS OF MOTION
The fiuid velocity v(x, t ) and the reaction front height z =h (x,y, t) evolve according to the dynamical equations [4] +(v V)v= pk VP+V v, --
This parameter involves a fractional density difference 5=(p"-p")/p", the acceleration of gravity g, the slab width or cylinder radius a, and the kinematic viscosity v.
The small chemical concentrations typical of experiments imply small 5=10 and negligible differences in v and Dc between the reacted and unreacted Auids. The density difference 6 can be due to differences of both temperature and chemical composition. However, the thermal difference can be neglected because the thermal diffusivity is eff'ectively infinite [7] . Linear stability analyses in the thin-front approximation performed for twodimensional fiows [6] 
where n"'= -Vh'" and~' "=V h'". Continuous Auid velocity v, tangential stress e;~knjnj Tki, and normal stress n, n T; at the front and the continuity equation require (10) Equation (1) has no solution for p WO, hence u =0 if k is real. Since u =0, the corresponding motion of the Quid is restricted to the y-z plane parallel to the slab, and Eqs. (6) reduce to
The unboundedness in the y direction allows the perturbation wavelength to be chosen freely in this direction, so we write v as u (x,y, z) = u (x)e "'sinqy, 
For a nonvanishing solution, the determinant of the coefficient matrix in Eq. (17) (6) obtained using a shooting method agree with these analytical solutions.
IV. MARGINAL STATE FOR GENERAL S
It is instructive to first obtain an approximate analytical condition for the marginal state. Retaining only the two lowest real values of k, the vertical velocity takes the form
where ki =+sr +q and A, Ao, C, and Co are four arbitrary coefficients. Since u (x,y, z)=0 for real k, the continuity The general even solution of Eqs. (6) for the marginal state can be written as a linear superposition of even solutions with both real and complex k:
' )e i' -g A" 
Here, A, C, A", C", A(y), and C(y) are arbitrary coefficients, c.c. denotes the complex conjugate, and we have required the velocity to vanish at z~+ oo. These solutions must satisfy the six independent matching conditions in Eqs.
(4e Fig. 2 ). For the odd solution, the projection of the pattern on the x-z plane perpendicular to the slab is made up of a roll structure whose wavelength is fixed by the slab width a, and the projection on the y-z plane is also made up of a roll structure of wave number q, . Thus, the combined pattern for the odd solution is rather complicated.
The limit of q -+0 reduces the odd solution to twodimensional Aow in the x-z plane perpendicular to the slab. A previous calculation using a similar technique [6] in two dimensions yielded S, =371.5 for this Aow. This is in good agreement with our q~0 limit S = 371.1.
V. HELE-SHAW CELL (S -+0 limit)
Simple instructive results can be obtained in the S~0
limit, where the system is effectively two-dimensional.
One way to have small S=5ga /vDc is to have a narrow "Hele-Shaw" slab [10] with small a. 
for the vanishing growth rate, which agrees well with the S~O limit of the even solution (see Fig. 1 Fig. 1 based on the value of S, the perturbations should decay with time, whereas if A, ) k" they should grow with time.
For example, Fig. 3 shows k, for the even solution in Fig.  1 Fig. 1 is universal, the details of Fig. 3 depend on the type of the reaction, the initial chemical concentrations, the Auid viscosity, etc.
The cutoff wavelength k, in Fig. 3 
We have also replaced the second appearance of~with the number 18 to obtain the best overall fit to the even solution data, resulting in differences between the approximate and exact conditions within 2.5% over the whole range of S. The corresponding fit shown in Fig. 1 
